Two polar steroid compounds, taurochenodeoxycholic acid sodium salt (1) and a rare cyclic steroid glycoside luzonicoside A (2), were isolated from the tropical starfish Leiaster sp. and identified by extensive NMR and ESIMS techniques. The isolation of primary bile acid 1 is the first report from a representative of the class Asteroidea and on the whole in invertebrates. Its presence confirms the hypothesis about the digestive role of some polar steroids in starfish and possibly demonstrates the parallel evolution of fat emulsifying agents in vertebrates and some starfish. Compound 2 was also obtained from starfish belonging to this genus for the first time. This finding indicates that cyclic steroid glycosides are more widely distributed in starfish than the two species of the genus Echinaster from which they were isolated earlier.
Starfish (phylum Echinodermata, class Asteroidea) are a rich source of structurally diverse polar steroids, including polyhydroxylated steroids, structurally related mono-, bi-and triosides of polyhydroxylated steroids, and steroid oligoglycosides (asterosaponins) with carbohydrate chains comprising five or six sugars [1] . Another rare structural group of polar steroids is cyclic glycosides with a trisaccharide chain, which forms a macrocycle between C-3 and C-6 of the aglycone moiety, Δ 7 -3,6dihydroxysteroid, and a glucuronic acid residue in the carbohydrate moiety. Glycosides with cyclic carbohydrate chains were so far found only in two species of the genus Echinaster. To date, nine representatives of this structural group have been discovered from the starfish E. sepositus [2] and E. luzonicus [3] .
In the present article, we report our study on polar steroids from the ethanolic extract of the starfish Leiaster sp., collected in the South China Sea. The water-soluble materials from the EtOH extract of Leiaster sp. were sequentially subjected to chromatographic separation. As a result, two previously known compounds, 3α,7αdihydroxy-5β-cholan-24-oic acid N-(2-sulfoethyl)amide sodium (salt taurochenodeoxycholic acid) (NMR data of corresponding bile acid) [4] taurine moiety [5] ) (1), and a cyclic steroid glycoside, 3-O-
(2), have been isolated and structurally identified.
The finding of the conjugate 1 is of particular interest from the point of view of the biochemical evolution of bile acids and alcohols. Chenodeoxycholic acid, a primary bile acid, in free and conjugated forms is known as a characteristic metabolite of bile in many taxonomic groups of mammals, including humans. This acid was found also in birds and some boney fish [6, 7] . However, to the best our knowledge, so far compound 1 has not been isolated from invertebrates. The unexpected isolation of 1 from a polar steroid fraction of the starfish may be considered as a confirmation of our hypothesis concerning the role of polar steroids, predominantly polyhydroxysteroids and related glycosides, as digestive surfactants in starfish. These substances that are present principally in digestive organs of starfish during the whole year demonstrate some structural resemblance to bile alcohols and have emulsifying properties [8]. Bile acid conjugate 1, found by us in the starfish Leiaster sp., is well known as one of the main emulsifying agents upon ingestion of a meal in humans. Being secreted into the bile canalicular lumen for storage in the gallbladder, chenodeoxycholic acid is conjugated with taurine to enhance its hydrophilicity and, after it is released into the intestinal lumen, to aid digestion [9] . Probably, a similar biological function may be carried out by this compound in starfish digestive organs.
Another explanation of this finding may be in the dietary origin of 1 in starfish. Starfish are active predators, but feed mainly on mollusks and corals, containing no bile salts. It is unlikely that slow-moving starfish may catch fish, who biosynthesize 1. Moreover, the diversity of bile salts in fish is great, but we did not isolate other compounds similar to 1 from the extract of Leiaster sp. As suggested earlier, comparison of the chemical nature of bile salts in more primitive animals with those in higher vertebrates has shown the evolution from С 27 5α-sterol derivatives oxygenated at C-26 and C-27 to C 24 5β-bile acids additionally oxygenated at C-12 in vertebrates [6] . Usually the main structural features of bile alcohols in the most primitive vertebrates include a sulfated 3β-hydroxy-5α-H fragment in rings A and B, with additional oxidation at positions C-7 and C-26, as in disodium myxinol disulfate, 5α-latimerol and some others. Further evolutionary transitions to 3α-hydroxy-5β-H C 27 oxygenated sterol derivatives, followed by the shortening of the side chain and formation of 1 in some living bony fish and other vertebrates, characterize the general trends of this evolution [6, 7] . The majority of starfish, as active predators, have a need to promote absorption of dietary lipids, using emulsifiers. It was of interest that polar steroids from some starfish, isolated by our and other groups, have many structural features that overlap with those of bile alcohols in primitive vertebrates (see Table 1 ).
As can be concluded from Table 1 , the main structural features of bile alcohols of most primitive lower invertebrates were previously found in some polar steroids from earlier studied starfish. Isolation of 1 from Leiaster sp. suggests that some starfish may produce chenodeoxycholic acid, demonstrating an unexpected evolutionary parallelism in the biosynthesis of polar steroids with lower vertebrates. As a similar example, mention may be made of the identification of the steroid hormone precursors of vertebrates, pregnenolone, and progesterone in the starfish Asterias rubens [10] . However, further studies are necessary in order to conclude the origin of compound 1.
The discovery of cyclic steroid glycoside 2 in a starfish of the genus Leiaster is also of interest. For a long time it was believed that cyclic steroid glycosides occur only in starfish of the genus Echinaster because for more than 30 years after their discovery these unusual compounds were not found in other genera of starfish [2,3]. The finding of luzonicoside A (2) in a Leiaster species refutes the pre-existing opinion about the taxonomic specificity of cyclic glycosides. It should be noted that taxonomically the genera Leiaster and Echinaster are sufficiently far from each other and belong to different families, Ophidiasteridae and Echinasteridae, respectively. Hence, the cyclic glycosides cannot be used as chemotaxonomic markers of the genus Echinaster, if the present taxonomic status of the two above-mentioned genera is well-grounded. The distribution of cyclic glycosides must be much wider than was considered before. 
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